For proper spacing or rapid dispersion, some migratory cells are guided by repulsive collisions with their neighbors. A new study reveals that a surprising intercellular coupling of leading edge actin networks forms the basis of mutual repulsion in Drosophila hemocytes. inhibition of locomotion (CIL), in which a cell ceases its forward motion upon contact with another cell [1] . This is frequently followed by repolarization and migration in the opposite direction. Interest in CIL has recently blossomed following the discovery of its necessity for multiple developmental migration events in vivo, such as neural crest and Cajal-Retzius cell migration, where it is used to ensure proper cell dispersal [2] [3] [4] . Furthermore, metastatic cell lines have been observed to exhibit homotypic CIL interactions with themselves, but not stromal cells, suggesting a possible mechanism for tumor invasiveness [5, 6] .
The dominant model of CIL has been focal signal-induced activation of Rho and actomyosin-based contraction at the site of cell-cell contact ( Figure 1A ). Here, local activation of signaling cascades, such as the planar cell polarity pathway, provides the cue and local actomyosin contractility provides the force to push each cell away from the site of contact. It is not known whether this is the mechanism that underlies CIL in all contexts. In a recent Cell paper, Davis et al. [7] report the careful observation of actin dynamics in Drosophila hemocytes and demonstrate a different mechanism at play for CIL in this setting.
Drosophila hemocytes (macrophagelike cells) develop from the head mesoderm and then distribute evenly throughout the embryo under the ventral surface in a matter that is thought to depend on CIL [4] . Whereas the efficiency of CIL in other contexts does not depend on the orientation of cell collisions (front to front, front to back, front to side) [2, 6] , Davis et al. [7] found that hemocytes only undergo a CIL response when two active lamellipodia come into contact. Furthermore, careful tracking of hemocyte CIL in vivo showed that colliding hemocytes initially accelerate towards each other before slowing and withdrawing at two to three times the speed of retraction in freely moving cells. Live-cell microscopy of actin and adhesion reporters revealed the cytoskeletal dynamics that underlie this retraction. When lamellipodia first came into contact, an adhesion marker was rapidly recruited to the site of contact. Then there was a pronounced reduction in the rate of retrograde actin flow in a corridor immediately behind the putative adhesion. A stress fiber grew from the base of the lamellipod through the corridor to the adhesion linking the two cells together, and then the two cells simultaneously recoiled following a loss of adhesion.
On the basis of these observations, Davis et al. [7] propose an 'intercellular actin clutch' model for CIL that is very similar to the 'molecular clutch' thought to underlie traction stresses at focal adhesions [8] . In this model, the adhesion physically couples the actin cytoskeleton to the plasma membrane ( Figure 1B ). This binding inhibits the movement of microfilaments and thereby slows retrograde flow. The cytoskeletal contractile forces that were previously spent generating retrograde flow can now pull through the intercellular adhesions, producing the acceleration that is seen upon initial cell contact. The intercellular adhesions enable contractile tension to build across the cell-cell junction (i.e. loading the 'spring') until the adhesions fail and the stored energy in the spring is released, resulting in recoil of the cells away from one other. This model leads to a number of testable predictions. One is that lamellar tension should be higher in cells undergoing CIL than in freely migrating cells. Another is that formation of the stress fiber connecting the cells should be crucial for CIL.
To test the first prediction, the authors performed laser abscission experiments where they ablated either the leading edge of a freely migrating cell or an adhesive puncta in colliding cells and then measured the rate of recoil of the plasma membrane. The membrane recoiled at double the rate in the colliding cells, equivalent to a threefold increase in lamellar tension. Interestingly, ablations in the colliding cells, but not the freely moving cells, led not only to a local membrane retraction but also to a rearward movement of the cell body. These data suggest that there is a specific regulatory step that controls the timing of the release of adhesions. (A) In Xenopus neural crest, N-cadherin engagement activates planar cell polarity (PCP) signalling, leading to focal activation of RhoA and myosin II at the site of cell-cell contact and local retraction [2] . This mode of CIL can occur with any orientation of collision. (B) Drosophila hemocytes utilize the contractile forces that generate retrograde flow for retraction in CIL [7] . When cells collide, adhesions couple the cytoskeleton to the plasma membrane, leading to an increase in lamellar tension that causes the cells to recoil when the adhesions are released. This mode of CIL only occurs for lamellar-to-lamellar (i.e. front-to-front) collisions.
To test the role of the stress fiber in CIL, the authors analyzed the velocity and actin dynamics of colliding cells lacking myosin II (the motor that generates the tension in the stress fiber) or a formin (Diaphanous, an actin nucleator that builds the actin network of the stress fiber). While the myosin II mutant hemocytes lacked a stress fiber and exhibited defects in CIL, they also had chronically reduced rates of retrograde flow and lamellar retraction defects when freely migrating, making it difficult to determine whether myosin II plays a specific role in CIL. The Diaphanous mutants proved more informative. These cells had normal rates of retrograde flow while freely migrating. However, when Diaphanous mutant hemocytes collided, they exhibited unpredictable changes in retrograde flow rate that were not well correlated between the cells. They often failed to form a stress fiber and did not exhibit CIL. These data suggest that proper coordination of actin dynamics and formation of a stress fiber is necessary for CIL in hemocytes. Finally, the authors analyzed the spatial distribution of the hemocytes in Diaphanous mutants and found that these cells were not as evenly dispersed as in wild-type embryos, providing a nice confirmation that CIL is necessary for the proper migration of hemocytes.
While Davis et al. [7] provide a compelling overarching framework with their molecular clutch model, many interesting features remain to be explored. Almost none of the molecular players driving these complicated actin dynamics has been identified. Also, why only contact between active lamellipodia is sufficient for CIL in hemocytes has yet to be determined. One possible explanation is that the unique actin dynamics of lamellipodia are necessary for engagement of the clutch and loading of the spring. If this is the case, then the CIL responses observed in other contexts with less restrictive geometries [2, 5, 6] would use a different mechanism for generating repulsive forces, such as planar cell polarity signaling to locally recruit myosin, independent of intercellular adhesions. This paper observes that the actin networks of the colliding cells become physically coupled and undergo synchronous changes but doesn't demonstrate that this coupling is necessary for CIL. Based on the data presented a bead coated with an adhesion molecule, i.e. a substrate that can be pulled on but has no actin dynamics, might be sufficient to induce CIL. In fact, a bead coated in the Eph receptor ligand ephrin-A5 is sufficient to induce CIL in metastatic prostate cancer cells [5] . Clonal analyses of collisions between wild-type cells and cells lacking cytoskeletal regulators such as myosin II will yield valuable insight into the role of coupled actin dynamics in this process.
Just as there are multiple mechanisms by which a cell can be guided by a soluble gradient, there are likely to be multiple mechanisms of CIL. The 'intercellular actin clutch' model provides a compelling mechanism for ensuring that both cells undergo an equivalent repulsive response. The prior models of CIL, where receptor engagement leads to activation of RhoA and local retraction, do not impose a requirement for coordinated mutual repulsion. In fact, a recent paper from Lin et al. [6] analyzed collisions of pairs of metastatic breast cancer cells and found that CIL would occur in either one cell or both cells at rates that appeared purely probabilistic, suggesting that independent decision-making does occur. A point of particular interest will be the analysis of cells such as Cajal-Retzius and neural crest cells, which consistently exhibit CIL in both partners in a collision and yet lack a requirement for leading edge contact [2, 3] . These cells could either make robust, independent decisions or utilize an asymmetric actin clutch. Neural crest has an interesting additional wrinkle in that these cells are quite adhesive in vivo, so while cell contact does lead to the repolarization of protrusions away from the site of contact, it does not always lead to cell separation [9] . These data suggest that there may be an additional mechanism to stabilize adhesions in these cells. Davis et al.'s [7] work has provided a provocative new model for CIL, and the tools they utilize could lead to a deeper understanding of CIL in other contexts.
